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(54) Hydrosilylation-curable compositions 

(57) In a curable composition comprising (A) a fluor- 
inated amide compound, (B) a fluorinated organohydro- 
gensiloxane having at least one monovalent per- 
fluorooxyalkyl, monovalent perfluoroalkyi, divalent per- 
fluorooxyalkylene or divalent perfluoroalkylene group, 
and at least two hydrosilyl groups in a molecule, and (0) 
a platinum catalyst is blended a tackifier (D) in the form 



of an organosiloxane having at least one hydrogen atom 
directly attached to a silicon atom and at least one epoxy 
or trialkoxysilyl group attached to a silicon atom through 
a carbon atom or a carbon atom and an oxygen atom. 
The composition cures into a cured product which ex- 
hibits satisfactory properties and firmly bonds to metallic 
and plastic substrates by brief heating at low tempera- 
ture. 
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Description 

This invention relates to curable compositions of the addition reaction type and in preferred aspects to curable 
compositions which cure into fluorinated elastomers having effective adhesion to various substrates. It also relates to 
s methods of making and using such compositions, and the products thereof. 

Curable fluorinated elastomer compositions comprising a polymeric fluorinated organic compound and a crosslink- 
ing agent have been used in a variety of applications. 

Currently available fluorinated elastomer compositions cure into products which have solvent resistance, chemical 
resistance, heat resistance, low-temperature performance and low moisture permeability as rubber material, but do 
TO not firmly bond to substrates kept In contact therewith during curing. That Is, these compositions lack adhesion to 
substrates. 

A general aim herein Is to provide new and useful curable compositions which cure into fluorinated elastomers as 
well as methods of preparation and use thereof and corresponding cured products. A preferred aim is to achieve 
effective adhesion of the elastomer to substrate materials. 

IS We have found that when a fluorinated amide compound of the general formula (1 ) shown below is blended with 

a fluorinated organosiloxane as a crosslinking and chain extending agent, a platinum group catalyst, and an organosi- 
loxane having at least one hydrogen atom directly attached to a silicon atom (that is, SiH group) and an epoxy group 
and/or trialkoxysiiyl group each attached to a silicon atom through a carbon atom or a carbon atom and an oxygen 
atom, and optionally further having a fluoroalkyi group or perfluoropolyether group, we can obtain a curable composition 

20 which cures into a fluorinated elastomer having solvent resistance, chemical resistance, heat resistance, low-temper- 
ature performance, fow moisture permeability, and good adhesion to various substrates. 

In one aspect we provide a curable composition comprising (A) fluorinated amide compound of the following general 
formula (1 ), (B) fluorinated organohydrogensiloxane having at least one group selected from the class consisting of a 
monovalent perfluorooxyalkyl. monovalent perfluoroalkyl, divalent perfluorooxyalkylene, and divalent perfluoroalkylene 

2S group, and at least two hydrosilyl groups in a molecule, (C) a catalytic amount of a platinum group catalyst, and (D) 
an organosiloxane having at least one hydrogen atom directly attached to a silicon atom and at least one of an epoxy 
group and a trialkoxysiiyl group each attached to a silicon atom through a carbon atom or a carbon atom and an oxygen 
atom in a molecule. The total amount of organohydrogensiloxane (B) and organosiloxane (D) is such that 0.5 to 5 mol 
of the hydrosilyl (SiH) group is available per mol of an aliphatic unsaturated group in the composition. 
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R' R' 
CHz=CHSi~v^ O 0 0 OR' _^SiCH=CH2 
R' ^li-i-[Rf-i-Q-&.-Rf-4-ri-<^ R' 



(1) 



R"" is a substituted or unsubstituted monovalent hydrocariDon group, 
R2 is a hydrogen atom or substituted or unsubstituted monovalent hydrocariDon group, 
40 Q is a group represented by the following general formula (2) or (3): 



T •••(2) 



so -iNj N- — ( 3 ) 



L 



wherein is as defined above, is a substituted or unsubstituted divalent hydrocarbon group which may be 
ss separated by at least one of an oxygen atom, nitrogen atom and silicon atom, and each are a substituted 

or unsubstituted divalent hydrocarbon group, 
Rf is a divalent perfluoroalkylene or perfluoropolyether group, and 
letter a is an integer inclusive of 0. 
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Other aspects are methods of preparation of such compositions (which may include the preparation of the fluori- 
nated amide compound), cured products thereof and the use thereof to form cured products especially in an adhered 
relationship to a substrate. 

More particularly, the curable composition of the invention comprises (A) a fluorinated amide compound of fonmula 
s (1) as a base polymer, (B) a fluorinated organohydrogensiloxane as a crosslinking and chain extending agent, (C) a 
platinum group catalyst, and (D) an organosiloxane as a tackifier. 

A first essential component or component (A) is a fluorinated amide compound. This fluorinated amide compound 
is represented by formula (1 ). 



75 




R*" is a substituted or unsubstituted monovalent hydrocarbon group, preferably having 1 to 10 carbon atoms, es- 
pecially 1 to 8 carbon atoms, and preferably free of an aliphatic unsaturated bond. Examples include alkyi groups 

20 such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, pentyl, hexyl, octyl, and decyl; cycloalkyl groups 

such as cyclopentyl, cyclohexyl, and cycloheptyl; alkenyl groups such as vinyl, allyl, propenyl, isopropenyl, butenyl, 
and hexenyl; aryl groups such as phenyl, tolyl, xylyl, and naphthyl; aralkyl groups such as benzyl, phenylethyl, and 
phenylpropyl; and substituted ones of these groups wherein some or all of the hydrogen atoms are replaced by 
halogen atoms or the like, typically fluorinated alky! groups such as chloromethyl. chloropropyl, bromoethyl, 

25 3,3,3-trifluoropropyl, and 6, 6,6,5,5,4, 4,3,3-nonafluorohexyl. 

R2 is a hydrogen atom or substituted or unsubstituted monovalent hydrocarbon group, preferably having 1 to 10 
carbon atoms, especially 1 to 8 carbon atoms, and preferably free of an aliphatic unsaturated bond. Exemplary 
monovalent hydrocarbon groups are the same as those mentioned for Preferred examples include alkyI groups 
such as methyl, ethyl, propyl, and isopropyl; cycloalkyl groups such as cyclohexyl; alkenyl groups such as vinyl 

30 and allyl; aryl groups such as phenyl and tolyl; and substituted ones of these groups wherein some of the hydrogen 

atoms are replaced by halogen atoms or the like, typically fluorinated alkyI groups such as chloromethyl, chloro- 
propyl, 3,3,3-trifluoropropyl, and 6.6.6,5.5,4.4,3. 3-nonafluorohexyl. 
Q is a group represented by the following general formula (2) or (3). 
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II • • • (2 ) 

-N-R^-N- 
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••(3) 



R2 is as defined above. R^ Is a substituted or unsubstituted divalent hydrocarbon group, preferably having 1 to 20 
carbon atoms, especially 2 to 10 carbon atoms. Examples include alkylene groups such as methylene, ethylene, 
propylene, methylethylene, butylene, and hexamethylene; cycloalkylene groups such as cyclohexylene; arylene 
groups such as pheny lene, toly lene. xyly lene. naphthy lene, and biphenylene; and substituted ones of these groups 
wherein some of the hydrogen atoms are replaced by halogen atoms or the like; and combinations of such sub- 
stituted or unsubstituted alkylene and/or arylene groups. 



The hydrocarbon group represented by R^ may contain at least one of an oxygen atom, nitrogen atom and silicon 
atom midway its linkage. In this case, the oxygen atom is interposed in the form of -0-. The nitrogen atom is interposed 
in the form of -NR'- wherein R' is a hydrogen atom or an alkyI group having 1 to 8 carbon atoms, especially 1 to 6 
carbon atoms or aryl group. The silicon atom is interposed in the form of a group containing a linear or cyclic organosi- 
loxane as shown below or an organosilylene group. 
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R" R" R" Y 

R- R" -R"'-Si-0-Si-R"'- -R"'-Si-0-Si-R" 

-Si-iokh- , O 0 ? ? 

R- R" R"-Si-0-Si-R" R"-Si-0-Si-R'- 

I i II 

R" R-. R" R" 



R" is an alkyi group having 1 to 8 carbon atoms or an aiyl group as previously exemplified for R"' and R2. R"' is 
an alkylene group having 1 to 6 carbon atoms or an arylene group as previously exemplified for R^. Letter n Is an 
integer of 0 to 1 0. especially 0 to 5. 

Examples of the group having an intervening oxygen, nitrogen or silicon atom are shown below. Note that Me is 
15 methyl. 
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-CH.CHzOCHzCHs- 



Me Me 
I I 

-(CH2)3SiOSi(CH2)3~ 
I 1 
Me Me 
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-CH2CH2-N-CH2CH2- f 

H 



Me Me 
I I 

-(CH2)-2SiOSrfCH2)2- 
I I / 
Me Me 
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Me Me 
-(CHztaSi-O-ii-CHiCHzCHa 

6 O 
CH3CH2CH2-Si-0-Si(CH2)2- 
Me Me 



Me Me 
-(CH2)3Si-0-Si-Me 

0 O 

Me-Si-0-Si(CH2)3- 

1 I 
Me Me 



Me Me 
-(CH2)3ii-0~ii(CH2)3- 

? ? 

CH3CH2CH2~Si-0-Si-CH2CH2CH3 , 
I 1 
Me Me 



Me Me 
-(CH2)2Si-0-SHCH2)2- 
O 0 

CH3CH2CH2-Si-0-Si-CH2CH2CH3 
Me Me 



so 



ss 
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Me Me 
-(CHz^zSi-O-Si-Me 

h 6 

I I 

Me-Si-0-Si(CH^ 
I I 
Me Me 



Me Me 
I I 

-CHzCHzCHz-Si-O-Si-CHzCHzCHa 

6 6 
I I 

CHaCHzCHz-Si-O-Si-CHzCHaCHz- 
I I 
Me Me 
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In formula (3). R'* and each are a substituted or unsubstltuted divalent hydrocarbon group, preferably having 
1 to 10 carbon atoms, especially 2 to 6 carbon atoms. Examples include alkylene groups such as methylene, ethylene, 
propylene, methylethylene, butylene, and hexamethylene; cycloalkylene groups such as cyclohexylene; and substi- 
tuted ones of these groups wherein some of the hydrogen atoms are replaced by halogen atoms or the like. 

Examples of Q represented by formula (2) or (3) are given below. Note that Me is methyl. Ph is phenyl, Rf is defined 
below, and X is hydrogen, methyl or phenyl. 
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Me Me 
-N(CH:)2bI- 



Ph Ph 
-N(CH2)6N- 
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CH, 
CHz-CH^ 
-N N- 

^ch-ch/ 

CHa 



Me 

-NCHi 



3S 




o 



Me 
CH2N- 



Me Me Me Me 
-N(CH2)3-ii-0-ii-(CH2)sN- 
Me Me 



Ph Me Me Ph 

40 11 II 

-NCHzCHzCHzSiCHzCHa-Rf-CHzCHiSiCHaCHzCHzN- 
Me Me 



4S 



SO 



SS 



H H H H 

-N-/OV-N- -N-CH^-Rf-CHz-N- 



H Me Me H 

-NCHzCHjCHaSiCHzCHj-Rf-CHiCHjSiCHaCH^CHjN- 
Me Me 
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Ph Me Me 

-NCHzCHzCHz-ii-O-Si-CHzCHzCHa 

0 0 Ph 
II. « 
CHaCHzCHs-Si-O-Si-CHjCHjCHaN- , 

Me Me 



Me Me Me 

-NCHzCHzCHz-ii-O-Si-CHaCHzCHs 

0 0 Me 
1 I I 
CHaCHjCHz-Si-O-Si-CHzCHzCHzN- 

Me Me 




X 
I 

-N-v Me Me Me 

<^V SiCHzCH^-Si-O-Si-CHiCHzCa 

Me O O Me 

CHaCHzCHz-Si-O-Si-CHzCHA-Zo) 

Me Me Me ^N- 

I 

X 



X 
I 

-Nn^ Me Me Me 

/OV Si-CHzCHz-Si-O-Si-Me 

Me 0 0 Me 

Me-Si-0-Si-CH2CH2Si- 
I I I 
Me Me Me 

X 



[e 

[e ^-N- 



In formula (1), Rf is a divalent perfluoroalkylene or divalent perfluoropolyether group. The preferred divalent per- 
fluoroalkylene groups are represented by -C^Fgm- wherein m is an integer of 1 to 10. especially 2 to 6. The preferred 
divalent perfluoropolyether groups are represented by the following formulae: 
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-(CFOCF^HCF^CFzOCF)?- 
X X 

wherein X is F or CFg group, p, q and r are integers in the range: p S 1 , q g 1 , and 2sp + qS 200, especially 2 S 
p + qs 110andO£ rS6, 

-CF2CF20CFHCFOCF^CF^HCF20CF)rCF20CF2CF2- 
CFa CF, 

wherein r, s and t are integers in the range: 0 £ r s 6, s ^ 0, t g 0, and 0 s s + 1 £ 200, especially 2^s-t-tS 110, 

-CF-(OCFCFa)c-(OCF2)rOCF- 

wherein X is F or CF3 group, u and v are integers in the range: 1 ^ u ^ 20 and 1 s v ^ 20, and 

-CFaCFz-^OCFzCFaCFaKrOCFzCFz- 

wherein w is an integer in the range: 1 ^ w ^ 100. 
Examples of Rf are given below. 
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nHHn=2-200 , 



-(CF0CFz)„(CF20CjF)„ 

CF3 CF3 



-CF2CF20CF2(CF2)2CF20CF2CF2- . 

-CF2CF20CF2CFOCF2(CF2)2CF20CFCF20CF2CF2- , 
CF3 CF3 

-CF2(OCF2CF2)„(OCF2)^OCF2- n=5-50, m=MO , 



-CF(OCFCF2)n(OCF2)„,OCF- 
CF3 CF3 . CF3 
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-CF2CF2(OCF2CF2CF2)„C)CF2CF2- n=5-100 

In formula (1 ). letter a is an integer inclusive of 0. The fluorlnated amide compound of formula (1 ) contains at least 
5 one divalent perfluoroalkylene or perfluoropolyether group while letter a is preferably an Integer of 0 to 10, more pref- 
erably equal to 1 . 2. 3, 4. 5 or 6. 

The f luorinated amide compounds of formula ( 1 ) may be used in various forms covering from low viscosity polymers 
having a viscosity of several tens of centistokes at 25''C to solid raw rubber-like polymers. For ease of handling, raw 
rubber-like polymers are preferred for the intended application as heat vulcanizable rubber and polymers having a 
10 viscosity of about 1 00 to about 1 00.000 centistokes at 25''C are preferred for the intended application as liquid rubber. 
Too low viscosity would be undesirable because cured products would have low elongation as elastomers and imbal- 
ance of physical properties. 

Fluorinated amide compounds of formula (1) can be obtained by the following method. Fluorinated amide com- 
pounds of formula (1) wherein lettera is equal to 0 can be synthesized by reacting a compound having an acid fluoride 
75 group at either end of the following general fomnula (4) with a primary or secondary amine compound of the following 
general formula (5) in the presence of an acid acceptor such as trimethylamine. 




Note that R^, and R^ are as defined previously. 

Also a fluorinated amide compound of formula (1) wherein letter a is an Integer of at least 1 can be synthesized 
35 by reacting a compound having an acid fluoride group at either end of formula (4) with a diamine of the following general 
formula (6): 

H-Q-H (6) 

40 

wherein Q is as defined previously in the presence of an acid acceptor and further reacting with a primary or secondary 
amine compound of formula (5). 

Although the compound having an acid fluoride group at either end of formula (4) and the primary or secondary 
amine compound of formula (5) may be used in an desired ratio, it is preferred that the molar ratio of the charge (a) of 
45 the formula (4) compound to the charge (b) of the formula (5) compound, (a)/(b), range from 0.1 mol/mol to 1 .2 mol/ 
mol, especially from 0.2 nriol/mol to 0.5 mol/mol. 

Also the compound of formula (4) and the compound of formula (6) are mixed such that the molar charge (a) of 
the formula (4) compound is not less than the molar charge (c) of the formula (6) compound. The number (represented 
by a) of recurring units in formula (1) may be controlled to an appropriate value by adjusting the molar ratio (ay(c). 
so Higher values of (a)/(c) allow for synthesis of polymers having a relatively low molecular weight whereas molar ratios 
(a)/(c) approximating to 1 allow for synthesis of polymers having a high molecular weight. 

Reaction conditions are not critical. Preferred conditions include a temperature of 20 to 100°C and a time of about 
1 to 8 hours, more preferably a temperature of 20 to 50°C and a time of about 2 to 4 hours. 

Among the fluorinated amide compounds of formula (1 ), those fluorinated amide compounds wherein Q is a group 
55 having an intervening silicon atom can be synthesized by selecting an amine compound of formula (5) as a primary or 
secondary amine compound having an aliphatic unsaturated group such as vinyl and allyl. subjecting it to the above- 
mentioned reaction to form a compound having a vinyl group at either end of the following general formula (7). and 
further reacting the compound of formula (7) with a compound having two hydrosilyl groups in a molecule of the following 
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general formula (8) in the presence of an addition reaction catalyst. 





O O R= 

N-(?-Rf-C-N-( (J > - - • ( 7 ) 



10 Note that R^, R2 and Rf are as previously defined. 

H-P-H (8) 
IS Note that P represents a divalent organic group having a siloxane bond as exemplified below. 

Me Me 

20 Me Me -^i-O-^i-Me 

[I - II 

-si-o-si- 9 9 

Me Me ' Me-Si-O-Si- / 
25 Me Me 

Me Me 

30 -Si-O-ii-CHzCHsCHa 

I I 

0 o 

CHaCH^CHz-Si-O-Si- 

1 I 

35 Me Me 

In this reaction, the compound having a vinyl group at either end of formula (7) and the compound of formula (8) 
are mixed such that the molar charge (d) of the formula (7) compound does not exceed the molar charge (e) of the 
formula (8).compound. The molar ratio (d)/(e) is at most 2. That is, 1 < (d)/(e) ^ 2. yVithin this range, higher values of 
40 (d)/(e) allow for synthesis of polymers having a relatively low molecular weight whereas molar ratios (d)/(e) approxi- 
mating to 1 allow for synthesis of polymers having a high molecular weight. 

The catalyst used herein is selected from the elements of Group VIII in the Periodic Table and compounds thereof, 
for example, chloroplatinic acid, alcohol-modified chloroplatinic acid (see USP 3,220,972). complexes of chloroplatinrc 
acid with olefins (see USP 3.159.601. 3.159.662 and 3,775.452), platinum black and palladium on supports such as 
45 alumina, silica and carbon, rhodlum-olefin complexes, and chlorotris(triphenylphosphine)rhodlum (Wilkinson catalyst). 
It is used in a catalytic amount. The complexes are preferably used as solution In suitable solvents such as alcohol, 
ketone, ether and hydrocarbon solvents. 

Preferably the reaction Is effected at about 50 to 150**C. especially about 80 to 120*C, for about 2 to 4 hours. 
A second essential component or component (B) of the present curable composition Is a fluorinated organohydro- 
50 gensiloxane which serves as a crosslinking agent and chain extender for the fluorinated amide compound (A). The 
fluorinated organohydrogensiloxane (B) should contain at least one monovalent perfluorooxyalkyi, monovalent per- 
fluoroalkyl. divalent perfluorooxyalkylene or divalent perfluoroalkylene group and at least two. preferably at least three 
hydrosilyl (SiH) groups in a molecule. The perfluorooxyalkyi. perfluoroalkyi, perfluorooxyalkylene and perfluoroalkylene 
groups are preferably those represented by the following general formulae: 
ss Monovalent perfluoroalkyi group: 
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m is an integer o1 1 to 20. preferably 2 to 10. 
Divalent perfluoroalkyiene group: 



m*"2m" 



m is an integer ot 1 to 20, preferably 2 to 10. 
Monovalent perfluorooxyalkyi group: 



F-CCFCFzOkCF" 
CFa CFa 



n is an integer of 1 to 5. 

Divalent perfluorooxyalkyiene group: 



-<CFOCF2MCF20CF)n: 
CF3 CF3 



m + n is an integer of 2 to 100 on average. 

The fluorinated organohydrogensiloxanes may be of cyclic or linear structure or three<limensional network. They 
preferably have at least one monovalent or divalent organic group having a perfluoroalkyi, perfluoroalkyl ether or per- 
fluoroalkyiene group of the following general formula in a molecule as a monovalent or divalent substituent attached 
to a silicon atom. 



In the formulae, Is a divalent hydrocarbon group, preferably having 1 to 10 carom atoms, especially 2 to 6 
carbon atoms, for example, alkylene groups such as methylene, ethylene, propylene, methylethylene, tetramethylene, 
and hexamethylene. and arylene groups such as phenylene, 

Is a hydrogen atom or a monovalent hydrocarbon group, preferably having 1 to 8 carbon atoms, more preferably 
1 to 6 carbon atoms as defined for R2. and 

Rfi is a monovalent perfluoroalkyl, monovalent perfluorooxyalkyi. divalent perfluorooxyalkyiene or divalent per- 
fluoroalkyiene group as previously exemplified. 

The fluorinated organohydrogensiloxane (B) has a monovalent substituent group attached to a silicon atom other 
than the monovalent organic group having a mono- or divalent fluorinated substituent (i.e., perfluoroalkyl, perfluorooxy- 
alkyi, perfluorooxyalkyiene or perfluoroalkyiene group). Examples of the other substituent group include monovalent 
hydrocarbon groups preferably having 1 to 10 carbon atoms, more preferably 1 to 8 carbon atoms and preferably free 
of an aliphatic unsaturated bond, as previously defined for R^. 

The number of silicon atoms per molecule of the fluorinated organohydrogensiloxane is not critical although it 
generally has about 2 to about 60, preferably about 4 to about 30 silicon atoms. 

Examples of the fluorinated organohydrogensiloxane are given below. They may be used alone or in admixture of 
two or more. Note that Me is methyl and Ph is phenyl. 



R' O 
I 11 



-CH2CH2Rf' . 



O OR' 
I II B I . 

-R^-N-C-Rf^-C-N-R*^- 



-CHgCHg-Rf^-CHgCHg- 
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H 0 

lil-C-CFOCFzCFOCaF, 
I 



PhO 

li-C-CFOCaF, 



H (CH2)3 CFa 

I I 
-(SiO)3-SiO— , 

I I 
Me Me 



CF, 



H 



I 



-(SiO)3-SiO 
I I 
Me Me 



MeO 
I II 

N-C-C7F,5 
H (CH2), 

-(SiO)3-(SiO)2— I 
I I 
Me Me 



MeO 

A-C-CFOCFzCFOCsFt 

H CoH,(CH2)3 CF3 CFa 

r— (SiO)2-SiO-SiO- 
I I I 
Me Me Me 



CHz-CFOCFzCFOCsFt 



H CHz CF3 
I I 
-(SiO)3-SiO- 
I I 

CH3 CH3 



I 

CF3 



CH2""C«Fi7 



H CH2 
-(SiO)3-SiO— 1 
CH, CH3 



MeO 

li-C-CFOCFzCFOCFzCFOCjF, 



H 



(CH^), CF3 



-(iiO)3-iiO— I 
I I 
Me Me 



I 

CF3 



CF, 



PhO 

N-C-CFOC3F7 

H (CHj), CF3 

-(SiO)2-Si02— , 
I I 
Me Me 



MeO 
I II 

N-C-CtFis 

H (CHj), 

I I 
r— (Si0)3-Si0— I 

I I 
Me Me 



(CH3)2 

CHO 

N-C-CFOCF2CFOC3F7 

H (CHa), CFa CFa 

r-(SiO),-SiO— 1 
I I 
Me Me 
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Me 
I 

S-CHzCHzSi 
Me 



\ H 0 



(CFOCF2)„(CF20CF)m-C 
I I 

CPs CFa 



O H ^_^f C 
-C-N-(0) M« 



Me 

SiCHzCHz-S 
I 



H 

I 



S; 



n-(SiO)3-SiO- 
I I 
Me Me 



n+m=2-5 0 



IS 



20 



25 



PhO O Ph 

S-(CH2)3-N-C-(CFOCF2)„(CF20CF)„-C-N-(CH2)3-S 
CF, CF» 
H 

I I 

r— (SiO)3-SiO- 

s * i I 

Me Me 



n+ni=2-50 



30 



3S 



O Me Me H Me MeO 
C,F70CFCFaOCF-C-l^-(CH2)3-iiO-(SiO)„-SiO-(CH2)3-N-C-(j:FOCFzCFOC3F; 
CFa CFa Me Me Me CFs CFs 

n=3-50 



40 



4S 



SO 



ss 



PhO 

N-C-CFOCFjCFOCFt 



I I 



I 



H 



CH2 CP3 CF3 

CH2 



n=3-50 



Me3SiO(iiO)„SiOSiMe3 



I I 

Me Me 



H 



Me,SiO(iiO)„iiOSiMe3 
I i 
Me Me 



CHz-CFOCFjCFOCaF, 
I I I 
CH2 CF3 CF3 



n-3-50 
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IS 



20 



2S 



30 



When the fluorinated organohydrogensiloxane used as component (B) is compatible with the fluorinated amide 
compound as component (A), the resulting curable composition will yield a uniform cured product. 

Component (B) is blended in the composition in such an amount as to provide 0.5 to 5 mol, preferably 1 to 2 rr\o\ 
of the hydrosilyl group (i.e.: SiH group) in component (B) and component (D) per mol of the aliphatic unsaturated group 
(e.g., vinyl, ally! and cycloalkenyl groups) in the entire composition, especially component (A). Less than 0.5 mol of 
the hydrosilyl group on this basis will lead to an insufficient degree of crosslinklng. With more than 5 mol of the hydrosilyl 
group, chain lengthening will become predominant, resulting in short curing or foaming and adversely affecting heat 
resistance and compression set. Most often, components (A) and (B) are blended such that about 0.1 to 50 parts by 
weight of component (B) is available per 100 parts by weight of component (A). 

The curable composition further contains a platinum group compound as a third essential component (C). It is a 
catalyst for catalyzing addition reaction or hydrosilylation between the fluorinated amide compound and the fluorinated 
organohydrogensiloxane, that is, serves as a curing promoter Since the platinum group compounds are generally 
compounds of noble metals and expensive, relatively easily available platinum compounds are often used. 

I llustrative, non-limiting examples of the platinum compound include chloroplatinic acid, complexes of chloroplatinic 
acid with olefins such as ethylene, complexes of chloroplatinic acid with alcohols or vinylsiloxanes, and platinum on 
silica, alumina and carbon. Platinum group compounds other than the platinum compounds are also useful. Known 
examples include compounds of rhodium, ruthenium, iridium, and palladium, for example, such as RhCI(PPh3)3, RhCI 
(CO)(PPh3)2, RhCI(C2H4)2, Ru3(CO)i2. lrCI(CO)(PPh3)2, and Pd(PPh3)4 wherein Ph is phenyl. 

On use, these catalysts may be used in solid tomn if they are solid catalysts. In order to form more uniform cured 
products, a solution of chloroplatinic acid or its complex In a suitable solvent is preferably used as a miscible mixture 
with the fluorinated amide compound (A). 

The amount of the catalyst used is not critical. A desired curing rate will be achieved with a catalytic amount. From 
an economical point of view or to produce satisfactory cured products, the catalyst is preferably added in an amount 
of about 1 to 1 ,000 ppm, more preferably about 10 to 500 ppm of platinum group element based on the weight of the 
entire curable composition. 

A fourth essential component or component (D) is an organoslloxane which when blended in the composition, 
permits the composition to develop self tackiness. The organoslloxane (D) should have in a molecule (1) at least one 
hydrogen atom directly attached to a silicon atom (i.e., SiH group) and (il) at least one of an epoxy group and a tri- 
alkoxysilyl group each attached to a silicon atom through a carbon atom or a carbon atom and an oxygen atom. Pref- 
erably, the organoslloxane should further have (ill) at least one of a fluoroalkyl group and perfluoropoly ether group 
each attached to a silicon atom through a carbon atom in a molecule. 

The organoslloxane has a siloxane skeleton which may be cyclic, linear or branched or a mixture thereof. Preferred 
organosiloxanes are represented by the following average compositional formulae. 



35 



40 



I 

-SiO- 
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I 
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H 
I 
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I 

-SiO- 
I 

R^ 



B 
i 

-SiO- 
I 



-Si-R^ 
I 

R* 



so 
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R" 
I 

B-SiO 
I 

R« 



R* 
I 

-SiO- 
I 



H 

I 

-SiO- 



A 
I 

-SiO- 



B 
I 

-SiO- 



R* 
I 

-Si-B 
I 



is a substituted or unsubstituted monovalent hydrocarbon group as previously defined for R"". A is an epoxy 
group and/or a trialkoxysilyl group each attached to a silicon atom through a carbon atom or a carbon atom and an 
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oxygen atom. B is a perfluoroalkyi group or perfluoroether group each attached to a silicon atom through a carbon atom. 
Examples of A are those groups represented by 

s -R'-CH-CH, 

V 

wherein is a divalent hydrocarbon group having 1 to 10 carbon atoms, especially 1 to 5 carbon atoms, which may 
10 contain an intervening oxygen atom, for example, alkylene and cycloalkylene groups, and 

.R^-SI(OR®)3 

IS wherein R® is a divalent hydrocarbon group having 1 to 10 carbon atoms, especially 1 to 4 carbon atoms, for example, 
alkylene groups, and R® is a monovalent hydrocarbon group having 1 to 8 carbon atoms, especially 1 to 4 carbon 
atoms, for example, alkyi groups. 

Examples of B are those groups represented by 



20 



2S 



30 



35 



and 



-R'°-CF-(OCF2CF>7rF 
I 1 
CF3 CF3 



wherein R^** is a group as defined for R^ or a group represented by 



O 
I I) 
-R^-N-C- 



wherein R® and R^ are as defined above, and letters m and n are as defined above. 

Letters w, x, and z are integers inclusive of 0, y is an integer of at least 1 . The sum ofw + x+ y + zis generally 2 
40 to about 60, preferably 4 to about 30. In the case of a cyclic siloxane structure, the slloxane ring preferably consists of 
3 to about 50 silicon atoms from the standpoint of ease of synthesis. 

These organosiloxanes can be prepared by effecting partial addition reaction between an organohydrogenpolysi- 
loxane having at least three hydrogen atoms each attached to a silicon atom (SiH groups) in a molecule and a compound 
having an aliphatic unsaturated group such as vinyl and allyl and an epoxy group and/or trialkoxysilyl group and op- 
45 tionally a compound having an aliphatic unsaturated group and a fluoroalkyi group or perfluoroether group in a con- 
ventional manner. The number of aliphatic unsaturated groups should be less than the number of SIH groups. At the 
end of reaction, the end product may be isolated for subsequent use. The reaction mixture may also be used insofar 
as the un reacted reaclants and addition reaction catalyst are removed. 

Examples of the organosiloxane (D) are represented by the following structural formulae. 

so 
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(o, q and r are positive integers, 
p is an integer inclusive of .0 . ) 
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(s, u and v are positive integers, 
t is an integer inclusive of 0.) 
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Preferably 0.1 to 20 parts by weight, especially 0.3 to 10 parts by weight of organosiloxane (D) is blended per 100 
parts by weight of fluorinated amide compound (A). Less than 0.1 part of organosiloxane (D) is ineffective for improving 
adhesion whereas more than 20 parts of organosiloxane (D) would often retard curing and adversely affect the physical 
properties of cured products. 

It is noted that the amount of component (B) blended is determined by taking into account not only component (A), 
but also component (D). Therefore, the amounts of components (B) and (D) blended are such that 0.5 to 5 mol of a 
hydrosilyl (SIH) group may be present per mol of an aliphatic unsaturated group (e.g., vinyl, ally! and cycloalkenyl) in 
the entire composition. 

Various additives may be included in the curable composition of the invention in order to enhance its practical 
usage. Useful additives include polysiloxanes containing a CH2=CH(R)SiO unit wherein R is hydrogen or a substituted 
or unsubstltuted monovalent hydrocarbon group (see JP-B 10947/1973) and acetylene compounds (see USP 
3,445,420 and JP-B 3774/1 979), which are added for the purpose of controlling the curing rate of the curable compo- 
sition, and ionic compounds of heavy metals (see USP 3.532,649). 

Moreover, fillers may be blended in the curable composition of the invention for the purposes of reducing thermal 
shrinkage upon heating, reducing the coefficient of thermal expansion of elastomers as cured, improving thermal sta- 
bility, weather resistance, chemical resistance, flame retardancy and mechanical strength, and reducing gas permea- 
bility. Exemplary fillers include fumed silica, quartz powder, glass fibers, carbon, metal oxides such as iron oxide, 
titanium oxide, and cerium oxide, and metal carbonates such as calcium carbonate and magnesium carbonate. If 
desired, suitable pigments, dyes or anti-oxidants may also be added. 

Any desired method may be used in preparing the curable composition according to the inventbn. The composition 
can be prepared simply by kneading the above-defined components. The curable compositbn as kneaded can be 
cured at room temperature depending on the type of functional group in the fluorinated amide compound as the first 
essential component and the type of catalyst as the third essential component. Preferably the composition is cured by 
heating at 100 to 200°C for several minutes to several hours. 

On use, the curable composition of the invention may be dissolved in suitable fluorinated solvents such as metax- 
ylene hexafluoride and fluorinates to a desired concentration depending on its application and purpose. 

The curable composition of the invention may be used in a variety of applications. Cured products resulting from 
the curable composition exhibit satisfactory solvent resistance, chemical resistance, heat resistance, low-temperature 
properties, and low moisture permeability and firmly bond to substrates such as metals and plastics by brief heating 
at relatively low temperature. Then the cured products or elastomers are useful for bonding of electric and electronic 
parts and as building sealants and automotive rubber materials. 
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EXAMPLE 

Examples of the present invention are given below by way of illustration and not by way of limitation. Note that Me 
is methyl. All parts are by weight. 

Example 1 

To 100 parts of a polymer of the following formula (9) having a viscosity of 4,400 centistokes at 25"'C, an average 
molecular weight of 16,500 and a vinyl content of 0.01 3 mol/100 g was added 10 parts of fumed silica having a specific 
surface area of 300 n^/g and treated with trimethylsiloxy group. They were mixed, heat treated, and milled on a three- 
roll mill. To the compound were further added 2.7 parts of a fluorinated hydrogensiloxane of the following formula (1 0), 
0.2 part of a toluene solutton of a chloroplatinic acid catalyst modified with a compound of the following formula (11) 
(platinum concentration 1 .0% by weight), 0.5 part of a 50% toluene solution of ethynyl cyclohexanol, and 1 .0 part of a 
tackifier of the foltowing formula (1 2). Mixing was continued to form a curable composition. 

H3C CH3 
I I 
CH2=CHSi\ MeO O Me /SiCH=CH2 

...(9) 



UHbi-v. , MeO L) Me 

Rf^ -(CF0CF^CF20CF)sr H?iii=97 
CF3 CFa 



CH3 H CH, 

CJF70CFOCF2CF-<CHe)rSiO-(SiO)rSi (CHih-CFCFzOCFOCaFT ...(10) 
CFa CF3 CH, CH3 CH, CF3 CFo 

x=8 

CH3 CH3 

CH2=CHSi-0-SiCH=CHz ...(11) 
CH3 CH3 



CH3 CH2CH2Si(OCH3)3 
Si" 

n /O CH3 

X X 

CH3 O. .0 (CHiJrOCHaCH-CHa 
\h3 

Test panels of various materials having a size 25 mm x 25 mm were furnished. A pair of test panels were lap joined 
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together through a layer of the curable composition of about 2 mm thick (overlap 10 mm). The mixture was cured by 
heating at 170*^0 for 1 hour. The bonded test piece was subject to a shear bond test to examine a shear bond strength 
and percent cohesive failure. The results are shown in Table 1 . 

Table 1 



Adherend 


Shear strength (kg/cm^) 


Cohesive failure (%) 


Glass 


7.4 


100 


Aluminum 


8.9 


100 


Nickel 


7.2 


60 


Chromium 


9.0 


90 


Stainless steel 


8.4 


100 


Polycarbonate 


7.5 


100 


Polyester 


4.8 


100 


Epoxy resin 


6.2 


100 


Copper 


8.4 


70 


Iron 


8.5 


100 



2S 

I 



30 



35 



40 



The cured product was examined for physical properties, finding a hardness of 41 on JIS A scale, a tensile strength 
of 20 kg/cm2, and an elongation of 200%. 

For comparison purposes, a composition was prepared by the same procedure as in Example 1 except that the 
compound of formula (12) was omitted. A shear bond test showed a cohesive failure of 0% for all types of test panels. 

Example 2 

A curable composition was prepared by the same procedure as in Example 1 except that a polymer of the following 
formula (13) having a viscosity of 12.200 centistokes at 25''C, an average molecular weight o1 16,000 and a vinyl 
content of 0.01 3 mol/100 g was used instead of the polymer of formula (9), 16.3 parts of a compound of the following 
formula (14) was used as the fluorinated cyclohydrogensiloxane, and 1 .0 part of a compound of the following formula 
(15) was used as the tackifier. A shear bond test was similarly carried out. The results are shown in Table 2. 




HO OH 
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Table 2 



3S 



40 



4S 



Adherend 


Shear strength (kg/cm^) 


Cohesive failure (%) 


Glass 


10.6 


100 


Aluminum 


12.7 


100 


Nickel 


12,7 


100 


Chromium 


12.7 


90 


Stainless steel 


12.8 


100 


Polycarbonate 


5.8 


80 


Polyester 


6.6 


100 


Epoxy resin 


15.2 


100 


Copper 


12.8 


100 


Iron 


13.2 


100 



so 



ss 



The cured product was examined for physical properties, finding a hardness of 43 on JIS A scale, a tensile strength 
of 28 kQfctrfi, and an elongation of 400%. 

For comparison purposes, a composition was prepared by the same procedure as in Example 2 except that the 
compound ot formula (15) was omitted. A shear bond test showed a cohesive failure of 0% for all types of test panels. 

Japanese Patent Application No. 276939/1995 is incorporated herein by reference. 

Although some preferred embodiments have been described, many modifications and variations nnay be made 
thereto in the light of the above teachings. Note that groups R"* may be the same or different within a molecule unless 
the context clearly requires otherwise; the same applies to the other R entities appearing more than once in illustrated 
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structures. 
Claims 

5 

1 . A curable composition comprising 

(A) fluorinated amide compound of the (ollowing general formula (1 ): 

CHs-CHSi- R' o O O OR' , ^SiCH-CHs 

R'^^l4-(!-(Rf-i-Q-6.-Rf-i-A-<0> R' 

Wherein R1 is a substituted or unsubstituted monovalent hydrocarbon group, 

R2 is a hydrogen atom or substituted or unsubstituted monovalent hydrocarbon group, 
20 Q is a group represented by the following general formula (2) or (3): 



2B 



30 



so 



-(1) 



-ll-R'-A- 



. . (2) 



-N N- ...(3) 



I RS_ 

wherein is as defined above, is a substituted or unsubstituted divalent hydrocarbon group which 
35 may be separated by at least one of an oxygen atom, nitrogen atom and silicon atom, and R^ each 

are a substituted or unsubstituted divalent hydrocarbon group, 
Rf is a divalent perfluoroalkylene or perfluoropolyelher group, and 
letter a is an integer inclusive of 0, 

40 (B) fluorinated organohydrogensiloxane having at least one group selected from the class consisting of a 

monovalent perfiuorooxyalkyi, monovalent perfluoroalkyi, divalent perfluorooxyalkylene, and divalent perfluor- 
oalkylene group, and at least two hydrosilyl groups in a molecule, 

(C) a catalytic amount of platinum group catalyst, and 

(D) organosiloxane having at least one hydrogen atom directly attached to a silicon atom and at least one of 
45 an epoxy group and a trialkoxysilyl group each attached to a silicon atom through a carbon atom or a carbon 

atom and an oxygen atom in a molecule, 

organohydrogensiloxane (B) and organosiloxane (D) being contained in such an amount that 0.5 to 5 mol 
of the hydrosilyl (SiH) group is available per mol of an aliphatic unsaturated group in the composition. 



2. The composition of claim 1 wherein organosiloxane (D) further has at least one of a fiuoroalkyi group and perfluor- 
opolyether group each attached to a silicon atom through a carbon atom in a molecule. 



55 



21 



lllilllilllMlllliliilli 

(11) EP 0 765 91 6 A3 

(12) EUROPEAN PATENT APPLICATION 

(88) Date of publication A3: (51) |nt CI.®: COS L 83/08 

01.10.1997 Bulletin 1997/40 

(43) Date of publication A2: 

02.04.1997 Bulletin 1997/14 

(21) Application number: 96307164.2 



(22) Date of filing: 30.09.1996 



(84) 


Designated Contracting States: 


• Sato, Shinichi, Shin-Etsu, Chem. Co., Ltd. 




DE PR GB 


Usui-gun, Gunma-ken (JP) 
• TarumI, Yasuo, Shin-Etsu, Chem. Co., Ltd. 


(30) 


Priority: 29.09.1995 JP 276939/95 


Usui-gun, Gunma-ken (JP) 
• Aral, Masatoshi, ShIn-Etsu, Chem. Co., Ltd. 


(71) 


Applicant: SHIN-ETSU CHEMICAL CO., LTD. 
Chlyoda-ku Tokyo (JP) 


Usui-gun, Gunma-ken (JP) 
(74) Representative: Stoner, Gerard Patrick et al 


(72) 


Inventors: 


MEWBURN ELLIS 


• 


Fukuda, Kenichi, Shin-Etsu, Chem. Co., Ltd. 


York House 




Usul-gun, Gunma-ken (JP) 


23 Kingsway 


• 


Kinami, Hitoshi, Shin-Etsu, Chem. Co., Ltd. 
Usui-gun, Gunma-ken (JP) 


London WC2B 6HP (GB) 



(54) Hydrosilylation-curabie compositions 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(57) In a curable composition comprising (A) a fluor- 
inated amide compound, (B) a fluorinated organohydro- 
gensiloxane having at least one monovalent per- 
fluorooxyalkyl, monovalent perfluoroalkyl. divalent per- 
fluorooxyalkylene or divalent perfluoroalkylene group, 
and at least two hydrosiiyi groups in a molecule, and (C) 
a platinum catalyst is blended a tackifier (Q) in the form 



of an organosiloxane having at least one hydrogen atom 
directly attached to a silicon atom and at least one epoxy 
or trialkoxysilyl group attached to a silicon atom through 
a carbon atom or a carbon atom and an oxygen atom. 
The composition cures into a cured product which ex- 
hibits satisfactory properties and firmly bonds to metallic 
and plastic substrates by brief heating at low tempera- 
ture. 
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